A20 Integrin α5β1 may be responsible for the induction of type I and type III collagen during dedifferentiation in the monolayer cultured adult human articular chondrocytes  by unknown
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Subject characteristics at 1st assessment 
Radiographic OA No radiographic OA 
n=134 n=129 
Age (mean years) 53.6 50.4 
Sex (% women) 25 16 
BMI (mean kg/m 2) 26.9 25.5 
Time between 1st and 2nd 
assessment (mean years) 7.7 7.4 
Increase in pain considered 
clinically relevant (% subjects) 37 22 
Change in KOOS pain score 
(mean; 95% CI) -7; -3.4, -10.7 -2.5; 0.3, -5.4 
BMI = body mass index, KOOS = Knee injury and Osteoarthritis Outcome 
Score 
over-the-counter drugs, NSAID, or glucosamine sulphate for knee 
pain was more frequent in subjects who reported a clinically rele- 
vant increase in knee pain (_>10 KOOS points) than subjects who 
did not (16% vs. 6%; P = 0.008). 
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Fig. 1. Change in the Knee injury and Osteoarthritis Outcome Score (KOOS) 
for the dimension pain. Patients are divided into subjects with and without ra- 
diographic knee OA at the 1st assessment, but also 3 subgroups according 
to the score at entry. Each line represents 1 patient visualizing the score 
at the 1st assessment (left endpoint of line) and the 2nd assessment in 
2004 (right endpoint of the same line). Please note, several lines showing 
no change in pain (100-100) overlap. 
Conclusions: Over a period of 6-9 years, nearly 40% of menis- 
cectomized subjects with radiographic knee OA report worsening 
in knee pain that is considered clinically relevant. Increased knee 
pain was mostly seen in subjects who were pain free at entry. 
The young age of this cohort constitutes a strong reason to di- 
rect increased efforts toward prevention and better treatment of 
meniscal injury and knee OA. 
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Ras/Raf/MEWERK PATHWAY IS REQUIRED FOR 
INCREASED EXPRESSION OF MMP-13 IN HUMAN 
CHONDROCYTES BY TYPE II COLLAGEN-DEPENDENT 
ACTIVATION OF DDR2 
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1Rheumatology, Beth Israel Deaconess Medcial Center and New 
England Baptist Bone and Joint Institute, Boston, MA; 
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In previous studies, we demonstrated that activation of discoidin 
domain receptor 2 (DDR2, a cell membrane tyrosine kinase), 
which binds preferentially to type II collagen, induces high lev- 
els of expression of MMP-13 in chondrocytes, but not other car- 
tilage matrix-degrading proteinases. We also found that inhibi- 
tion of MEK by PD98059 reduced the expression of MMP-13 in 
human chondrocytes cultured on type II collagen-coated plates, 
suggesting involvement of the Ras/Raf/MEK/ERK pathway. To 
further characterize this response, we performed the following 
experiments. 1) Human chondrocytes were transfected with a 
full-length cDNA of human Raf kinase inhibitor protein (hRKIP) 
and cultured on type II collagen-coated plates for 24 h. Results 
showed that M M P - 13 m R NA levels, examined by real-tim e PC R, 
were reduced about 60% in chondrocytes overexpressing hRKIP 
compared with cells expressing the empty vector control. 2) We 
examined the phosphorylation of three kinases, ERK, JNK and 
p38, in human chondrocytes after culture on type II collagen- 
coated plates for 2 h. Only ERK was phosphorylated further sug- 
gesting the DDR2-mediated response to type II collagen occurs 
via the ERK pathway. 3) Human chondrocytes were transfected 
with the MMP-13 promoter-luciferase construct cultured on type 
II collagen-coated plates for 24 h. Results showed that the MMP- 
13 promoter activity was increased by about 2-fold, suggesting 
that DDR2 response is at least partially transcriptional. 4) Human 
chondrocytes were first treated for 4 h with either an activating or 
a neutralizing alpha2betal integrin antibody and then cultured on 
plastic or type II collagen-coated plates for 24 h. Results showed 
that activating alpha2betal integrin antibody, which did not induce 
DDR2, and type II collagen had a synergistic (additive) effect 
in the induction of MMP-13 mRNA levels, suggesting that type 
II collagen-dependent DDR2 and alpha2betal integrin regulate 
MMP-13 expression through different signaling pathways. In sum- 
mary, this study provides further evidence that activation of DDR2 
increases the expression of MMP-13 via the Ras/Raf/MEK/ERK 
pathway in chondrocytes. 
A20 
INTEGRIN ~5~1 MAY BE RESPONSIBLE FOR THE 
INDUCTION OF TYPE I AND TYPE III COLLAGEN DURING 
DEDIFFERENTIATION IN THE MONOLAYER CULTURED 
ADULT HUMAN ARTICULAR CHONDROCYTES 
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National Medical Center of Japan, Shinjyuku, Tokyo, Japan; 
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Aim of Study: The study was performed to elucidate the mech- 
anism(s) involved in the dedifferentiation in monolayer cultured 
adult human articular chondrocytes. 
Methods: The study was performed under the approval of insti- 
Osteoarthritis and Cartilage Vol. 13, Supplement A $21 
tutional review boards. Human articular cartilage was obtained 
from 15 osteoarthritic knee joints at joint replacement surgery. 
Chondrocytes were liberated from cartilage matrix by serial en- 
zymic digestion of Pronase (Calbiochem) and collagenase P 
(Roche). Following digestion, siRNA for integrin ~5 or I~1 was in- 
troduced into chondrocytes by electroporation using a Nucleofec- 
tor (Amaxa), and the cells were plated onto 24-well culture plates. 
Two siRNA of distinctive sequences were used for each integrin 
to minimize the possibility of off-target effects. At 3, 5, and 7 days 
after plating, cells were harvested, RNA was extracted, and cDNA 
was synthesized. The expression of type II procollagen and ag- 
grecan were evaluated together with that of type I (Col lal) and 
type III procollagen by real-time PCR on a LightCycler (Roche). 
The gene expression was compared between the siRNA treated 
cells and the cells given a control siRNA with a scrambled se- 
quence. 
Results: The RNA interference (RNAi) for integrin I~1 significantly 
reduced the expression of type I and type III procollagen from Day 
3 to Day 7, while no significant change was observed for type II 
procollagen or aggrecan during the period. For type III procolla- 
gen, the suppression was most obvious at Day 5 when the ex- 
pression was reduced by 41%. The effect of RNAi for integrin ~5 
was basically similar to that for integrin I~1 ; the expression of type 
I and type III procollagen was suppressed significantly, whereas 
the expression of type II procollagen and aggercan remained al- 
most unaffected. Similar to integrin I~1, the reduction of type I and 
type III procollagen expression was most obvious at Day 5. How- 
ever, the reduction of type III procollagen was 23%, which was 
somewhat less than the result of RNAi for integrin I~1. 
Conclusions: Chondrocytes undergo dedifferention when liber- 
ated from cartilage matrix and cultured on the plates. Although 
this is a well known phenomenon, the exact mechanism(s) for the 
change of cellular phenotype has not been determined. The re- 
sult of this study has shown, for the first time, a possibility that in- 
tegrin ~51~1 could be involved in the process, inducing the expres- 
sion of aberrant collagens. The result also suggests that the ded- 
ifferentiation process may involve several distinct mechanisms, 
as RNAi for integrin ~5 or I~1 reduced the expression of aberrant 
gene expression without altering the expression levels of carti- 
lage matrix components. 
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THE EFFECTS OF MECHANICAL DEFORMATION, 
TISSUE AGE, AND CULTURE DURATION ON THE 
TRANSCRIPTION OF CHONDROITIN SULFATE 
BIOSYNTHESIS ASSOCIATED ENZYMES IN A BOVINE 
CARTILAGE EXPLANTS 
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Aim: To quantify the transcription regulation of the intracellular 
enzymes critical for the biosynthesis of chondroitin sulfate (CS) in 
an ex vivo cartilage culture system and to determine the changes 
in transcription rates that occur in response to culture duration, 
tissue age, and mechanical stimulation. 
Methods: Genes of interest (Aggrecan core protein, C4ST1, 
C4ST2, C6ST1, Chondroitin Synthase, GalNAc4S6ST, XT1) 
were partially sequenced for the bovine genome based on sim- 
ilar mammalian sequences and real-time PCR primers were 
designed. Cartilage samples were taken from newborn calf 
and adult bovine femoropatellar grooves and either immediately 
frozen or cultured in low glucose DMEM with 10% serum. Sam- 
ples designated for mechanical stimulation were pre-cultured for 
2-3 days and then subjected to 24 hours of either static compres- 
sion (50%), dynamic compression (3% sinusoidal strain at 0.1 Hz 
superimposed on 10% static offset), or dynamic shear (10% static 
offset, 3% sinusoidal shear strain at 0.1 Hz). Static compression 
samples were released and allowed to recover in free swelling 
conditions for 0, 1, or 8 hours after which they were immediately 
frozen. Dynamic compression samples were either exposed to 
continuous compression and frozen or were compressed for 45 
minutes followed by 5 hours 15 minutes of free swelling condi- 
tions, repeated 4 times over 24 hours, and then frozen. RNA was 
then extracted from the tissue and reverse transcribed to cDNA 
for PCR. All genes were normalized to 18S expression levels. 
Results: The results show only minor differences in transcription 
rates between freshly extracted immature and adult tissue prior to 
culture. However, following 5 days in free swelling conditions, im- 
mature samples showed increased transcription rates for C4ST2 
and XT1 that were not exhibited by the adult samples. Static com- 
pression caused a time dependent increase in the transcription 
of chondroitin synthase and GalNAc4,6ST, genes whose low ac- 
tivity may contribute to aging effects on CS. Dynamic compres- 
sion increased transcription rates for all genes responsible for the 
sulfation of the interior CS chain (C4ST1, C4ST2, C6ST1). This 
finding denotes a possible mechanism for the increase in 35S- 
sulfate incorporation found in dynamically compressed samples. 
The intermittent dynamically compressed samples also showed 
an increase in the same sulfotransferases but levels were lower 
than for continuous dynamic compression which may indicate a 
transient up-regulation in response to dynamic compression. 
Conclusions: The results of this study indicate a possible 
mechanotransduction mechanism for the alteration of CS synthe- 
sis in articular cartilage. The duration of the alterations in tran- 
scription rates are on the hour time-scale, but may affect chon- 
droitin sulfate synthesis for longer periods due to the long resident 
times of these enzymes in the Golgi. Also, the differing response 
between static and dynamic compression may indicate signaling 
pathway differences between the loading regimes. 
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Background: Articular cartilage integrity is critically dependent 
on mechanical stimulation (MS).The aim of this study was to in- 
vestigate the effects of cyclical mechanical stimulation on proteo- 
glycan (PC) metabolism in chondrocytes derived from patients 
with OA, in comparison with that of chondrocytes from normal 
cartilage. 
Methods: Chondrocytes were isolated from articular cartilage 
from 4 Normal and 26 OA knee joints, obtained at the time of 
joint replacement surgery or above knee amputation for periph- 
eral vascular disease. Cartilage was graded macroscopically and 
microscopically. Cells were grown in sub-confluent primary mono- 
layer or 3-D alginate disk culture. Cells were subjected to 20 min- 
utes of cyclic (0.1Hz, 0.33Hz, 1Hz) MS of 40001~ and 320001~ 
strain to monolayer-cultured chondrocytes, and MS of 30% com- 
pression to three-dimensional (3-D) cultured chondrocytes, in the 
presence or absence of antibodies to ~5 or ~VI~5, or I~1 inte- 
grins, or CD47. Aliquots of medium were obtained before and 
24 hours after MS. GAGs were measured using a quantitative 
DMMB assay. PGs extracted from medium by acetone precipi- 
tation were analysed by SDS-PAGE and Western blotting using 
anti-aggrecan G1 domain antibody and chondroitin sulfate epi- 
